Objective To evaluate whether the amount of randomised clinical research on various medical conditions is related to the burden of disease and health needs of the local populations in sub-Saharan Africa. Design Construction and analysis of comprehensive database of randomised controlled trials in sub-Saharan Africa based on Medline, the Cochrane Controlled Trials Register, and several African databases. Setting Sub-Saharan Africa. Main outcome measures Number of trials and randomised subjects for each category of disease in the global burden of disease taxonomy; ratios of disability adjusted life years (DALYs) per amount of randomised evidence. Results 1179 eligible randomised controlled trials were identified. The number of trials published each year increased over time. Almost half of the trials (n = 565) had been done in South Africa. There was relatively good correlation between the estimated burden of disease at year 2000 and the number of trials performed (r = 0.53, P = 0.024) and the number of participants randomised (r = 0.68, P = 0.002). However,some conditions-for example, injuries (over 20 000 DALYs per patient ever randomised)-were more neglected than others. Conclusion Despite recent improvements, few clinical trials are done in sub-Saharan Africa. Clinical research in this part of the world should focus more evenly on the major contributors to burden of disease.
Introduction
Demand is increasing for research to be prioritised according to the importance of health issues, 1 and burden of disease measures have been proposed to aid this process. 2 There is concern that little medical research is done on diseases affecting people in developing countries. 3 Sub-Saharan Africa is a developing area facing severe, pressing, and often unique health challenges. 4 Its burden of disease per million people is estimated to be five times higher than that of established market economies. 2 Effective interventions are needed to improve health, and efficacy is best assessed by randomised controlled trials. An evaluation of randomised controlled trials could therefore be used to determine the amount of clinical research on different health conditions. Randomised controlled trials conducted in Africa have not been comprehensively assessed, and it is not known whether the trials cover the local health needs. We therefore constructed a comprehensive database of randomised controlled trials in subSaharan Africa over the past 50 years. We then evaluated whether the amount of randomised evidence relates to the burden of different health problems and whether specific conditions are neglected.
Methods

Eligibility criteria
We considered all randomised controlled trials conducted in sub-Saharan Africa that investigated one or more health problems. 2 We excluded nonrandomised and pseudorandomised controlled trials; trials enrolling non-local populations (such as tourists); trials not in humans; and trials studying issues that could not be related to a disease problem or group of problems-for example, measuring physiological variables. Multinational trials qualified if some patients had been recruited in sub-Saharan Africa. Studies in northern Africa were excluded (this region is included in the Middle Eastern crescent in the global burden of disease estimates). 2 Meeting abstracts, books, and other reports were excluded. of randomisation (individual or cluster), sample size, disease(s) targeted (and taxonomy in the Global Burden of Disease 2 ), type of intervention (therapeutic or preventive), and country or countries of recruitment. For studies that also recruited in non-eligible countries, we focused on the number of participants enrolled in subSaharan Africa.
We excluded articles that obviously reflected secondary publications of a main report. Because some secondary publications could be missed, we cross checked every identified article in the database using authors, type of disease(s), and country. Any uncertainty about the primary publication was resolved by discussion among the team. In general, the study with the largest sample size and most clinically important outcomes qualified for primary publication.
Analyses
Descriptive analyses include the geographical distribution of trials, number of new trials published, and estimates of the number of trials performed per million people in various countries (1990 population estimates). 5 The main analysis evaluated the number of trials and the number of randomised participants for each category of health problem in the global burden of disease taxonomy. 2 This taxonomy was developed at the Harvard School of Public Health and the World Health Organization and is recognised worldwide. 1 2 6 7 Burden of disease estimates add the number of lost years due to early death plus equivalents of "lost" years due to living with disability from various diseases. The sum is measured in disability adjusted life years (DALYs). For each major disease category we estimated the ratio of burden of disease in each trial and the ratio of burden of disease per participant.
We did separate analyses using either all eligible trials and the estimated burden of disease at 2000 or only trials published before 1990 and the burden of disease at 1990. In sensitivity analyses, we considered only trials with at least 100 randomised subjects or only trials with at least 500 randomised participants, to exclude small trials with limited evidence. For cluster trials, we used the number of participants. Exclusion of cluster trials did not affect the results (data not shown).
We used rank correlation analyses to evaluate whether the number of trials or participants correlated with the DALYs attributed to each health problem. We did such analyses for all health problem categories using the key subcategories of the global burden of disease taxonomy for communicable, maternal, perinatal, and nutritional conditions (category I, including subcategories A to E); non-communicable diseases (category II, including subcategories A to N); and injuries (category III). 2 We also examined separately the various diseases within category IA (infectious and parasitic diseases) as these diseases alone account for half the local burden of disease.
We used SPSS 10.0 for all analyses. P values are two tailed.
Results
We screened 2803 references (Medline 875, Cochrane Clinical Trials Registry 940, South African Cochrane Center Registry 988) and fully scrutinised 1334 articles; 123 were ineligible (93 publications pertained to other randomised controlled trials, 15 were non-randomised studies, 13 were non-African studies, and two were physiology studies), seven trials gave no sample size, and full articles could not be retrieved for 25 studies of uncertain design. Of the 1179 eligible randomised controlled trials, 93 studied two diseases (and were thus counted for both). A total of 795 trials (67.4%) focused on treatment rather than prevention. The median sample size was 90 (interquartile range 42-238). Only 535 trials had over 100 participants; 154 trials had over 500 participants; and 79 trials had over 1000. Cluster trials (n = 60) enrolled more participants than trials that randomised individuals (median 742 v 82, P < 0.001). The average sample size was bigger in recent trials than older trials (median 63 for trials up to 1990 v 120 for trials published after 1990, P < 0.001).
Publication of randomised controlled trials increased over time (fig 1) . Ninety two were published in 1999, more than in any previous year. Almost half of the trials had been done in South Africa (n = 565). Four other countries accounted for another quarter (Nigeria = 98, Kenya = 89, Gambia = 56, Tanzania = 50). Only 19 countries had more than one trial per million population. South Africa accounted for over 90% of all trials on malignant, respiratory (31.33), digestive (69/76), musculoskeletal (27/27), and congenital (2/2) diseases and 75-90% of trials on diabetes (10/13), endocrine (9/10), cardiovascular (75/99), and genitourinary (29/34) diseases and injuries (26/31), but for only 14% of trials on infectious and parasitic diseases (74/150).
Overall, there was good correlation between burden of disease and randomised evidence (table 1) with modest differences depending on how randomised evidence was measured (table 2) . However, good correlation does not ensure a proportional relation (fig 2) . For the burden of disease per trial performed, the worst ratios were for congenital anomalies, injuries, respiratory infections, and conditions arising during the perinatal period. The best ratios were for oral conditions, diabetes mellitus, musculoskeletal diseases, maternal conditions, and digestive diseases (table 1) .
Inequalities were more evident when we considered the burden of disease per participant. For injuries, which are the second largest contributor of DALYs in the area after infectious and parasitic diseases, there were 20 000 DALYs per participant. Neuropsychiatric conditions, the fifth cause of DALYs, were also comparatively neglected (4410 DALYs per participant). The ratios were more favourable for the other three major contributors of DALYs (161 DALYs/participant for infectious and parasitic diseases, 551 for respiratory infections, and 659 for conditions arising during the perinatal period). However, the ratio exceeded 150 DALYs per participant for all conditions except nutritional deficiencies and malignant neoplasms.
Infectious and parasitic diseases
An analysis restricted to infectious and parasitic diseases showed good correlation between the estimated burden of disease and the amount of randomised evidence, with modest differences depending on how randomised evidence was measured (table 2) . Despite the good correlation, differences in emphasis were discernible (fig 3) . Least attention had been given to diarrhoeal diseases (834 000 DALYs per trial), childhood cluster diseases (628 000/ trial), and HIV (571 000/trial). Results were similar when we considered DALYs per participant (data not shown).
Discussion
We identified just over 1000 randomised controlled trials conducted in sub-Saharan Africa in the past 50 years. This is a small amount of clinical research activity considering the large local burden of disease. Despite an overall good correlation between the amount of randomised research and burden of disease, some conditions have been neglected.
Strengths and weaknesses
Although the number of trials or enrolled participants is a measure of research activity, it may not reflect the public health emphasis given to a disease. Firstly, trials can vary substantially in size and importance. Nevertheless, analyses limited to studies with over 100 or over 500 participants gave similar results. Secondly, other types of clinical research are also important. However, randomised controlled trials are the stand- 
Burden of disease at 2000 (1000 DALYs)
No of trials ard for therapeutic and preventive interventions, are easy to identify, and provide a measurable surrogate of the intensity of topical clinical research. Thirdly, for some conditions it is more difficult to run trials. For example, war is a major contributor of DALYs in this area. Randomised trials may be almost impossible to implement in war stricken areas, although it is questionable whether medical research is helpless against war and its consequences. 8 Despite this difficulty, other unintentional injuries account for more DALYs than war and are amenable to preventive interventions. 9 Finally, publication bias may influence if and where African trials are published. 10 11 Nevertheless, our search included local journals and it is therefore unlikely that we missed many published trials.
Randomised evidence in other continents
For many diseases relevant randomised controlled trials may have been done in other continents. Systematic screening of all trials worldwide would have been impracticable. In addition, extrapolation of results from other continents to Africa causes problems because interpretation of generalisability would be subjective and the trials would not take into account the important local challenges that often occur when implementing medical interventions in Africa. 12 For the three under-researched sections in the infectious diseases category (diarrhoea, childhood diseases, and HIV), the issues in Africa are very different from those in the Western world-for example, the interaction of nutrition and diarrhoeal diseases, the logistics of immunisation against childhood diseases, and the infrastructure needed for monitoring highly active antiretroviral therapy (even if these drugs become affordable in Africa).
Almost a million randomised trials have been done worldwide, 13 and the Cochrane registry already includes over 300 000 trials. Most trials have been done in countries with an established market economy. Even if we assume that 150 000 trials have been done in such countries (a low estimate), the overall ratio of burden of disease per trial is about 400 times higher in Africa than in established market economies. Estimates are worse if we exclude South Africa, a country with a mixed economic profile.
Implications for policymakers and the future
Most African countries cannot afford to support medical research.
14 In addition, the pharmaceutical industry may be reluctant to sponsor trials in the developing world because the prospects for profit are limited, even if effective treatments are developed. [15] [16] [17] Not for profit organisations may also have difficulty supporting such research on their own. They may have difficulty in setting priorities 18 and often prefer to offer practical help rather than foster research.
Despite these limitations, the major health problems of the developing world cannot be set aside. Their consequences also affect the developed world. 19 Success can often be obtained with limited funds. Many diseases in sub-Saharan Africa coexist in vulnerable patient groups, and treatment or prevention of one disease may have a major effect on another (for example, HIV and tuberculosis). 20 Seemingly expensive interventions can become affordable if there is strong political will and collaboration with the industry.
The pace of clinical research is accelerating in subSaharan Africa. The area needs more international support, but this should be provided without fostering just another form of colonisation. 21 African researchers should have a meaningful say in setting research priorities, 22 and outside support should help develop sustainable local research capacity.
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What is already known on this topic
Sub-Saharan Africa has a large burden of disease Little clinical research is conducted for problems affecting sub-Saharan Africa
What this study adds
Only 1179 randomised controlled trials conducted in sub-Saharan Africa in the past 50 years were identified
Correlation between the amount of randomised evidence and the estimated burden of disease was fairly good
However, some disease categories were more neglected than others, with the worst being injuries
